Summary &mdash; The mating system of a clonal seed orchard of Pinus sylvestris L consisting of 32 clones was studied using allozyme marker loci. Single-locus estimates of outcrossing rate ranged from 0.907-1.106 (with a mean of 1.011), while the multilocus estimate was 0.987. The outcrossing rates of individual trees ranged from 0.840-1.208. The variance effective population size estimated for males was equivalent to 14 individuals. Some patterns of non-random mating were found. The level of inbreeding as measured by average fixation indices was low, both in the parental and the filial generations. The usefulness of Scots pine seed orchards in forest tree improvement has been discussed in the light of genetic efficiency. (Cheliak, 1984; Müller-Starck, 1984; Barrett et al, 1987) (Rudin and Lindgren, 1977; Shen et al, 1981; Müller-Starck, 1982; Rudin and Ekberg, 1982; Rudin et al, 1986) , and the estimates of outcrossing levels ranged from 0.84-0.98. When efficient multilocus methods were used, the estimates ranged from 0.91-0.977 (Koski and Muona, 1986;  El-Kassaby et Muona and Harju, 1989) . Information on seed orchard mating systems analyzed based on multilocus methods for other conifers is limited (Adams and Birkes, 1991) . Mating systems of individual trees have also been studied using multilocus methods (Shaw and Allard, 1982a; Neale and Adams, 1985; Ritland and El-Kassaby, 1985; Koski and Muona, 1986; Perry and Dancik, 1986; ElKassaby et al, 1987; Moran et al, 1989) . The assumption of the estimation of population outcrossing rate is that the outcrossing rate is constant among individuals in the population. However, heterogeneity of outcrossing among trees has been observed in seed orchards (Shaw and Allard, 1982a) and natural populations (Neale and Adams, 1985) . Apart from the theoretical value of such studies they are also of practical interest, especially when openpollinated seeds collected from individual trees are used for reforestration.
Many conifers, including Scots pine, exhibit strong inbreeding depression (Koski, 1973) Burczyk, 1990 for details).
In January 1989 cones were collected from several branches of a single ramet of each of the 32 clones from 1 block. Extracted seeds (embryo and megagametophyte tissues) were analyzed using standard electrophoretic techniques (Yeh and O'Malley, 1980) . Three enzyme systems were assayed by starch gel electrophoresis: aspartate amino-transferase (EC 2.6.1.1; AAT), glutamate dehydrogenase (EC 1.4.1.2; GDH), malate dehydrogenase (EC 1.1.1.37; MDH), and 6 variable gene loci were recorded in both seed tissues (Aat-1, Aat-2, Aat-3, Gdh, Mdh-3, Mdh-4). For the MDH enzyme loci the notation presented by Müller-Starck (1984) was used. The extraction and staining buffers were according to Yeh and O'Malley (1980) seeds were analyzed for each of 16 clones chosen based on the probability of detecting outcross pollen gametes (see below); thus the mating system of individual trees was studied based on 60 seeds. The numbers of seeds for population and individual tree mating system parameters were constant per clone to arrive at a proper mean estimate. The single-locus (t s ) and multilocus (t m ) levels of outcrossing for the population, and the multilocus outcrossing rate for individual trees (t mi ) were estimated based on a mixed mating model using the maximum likelihood procedures and programs described by Neale and Adams (1985) . The clones for estimation of individual tree outcrossing rates were chosen based on the conditional probability of detecting outcross pollen gametes calculated for each parental genotype after single-locus estimation (Neale and Adams, 1985) . When this probability is relatively small a great number of seeds needs to be analyzed. The (Yasuda, 1969; after Cheliak et al, 1985) . The actual breeding size is reduced to a value equivalent to the number of individuals in the idealized theoretical population, exhibiting the same increase in homozygosity as in the observed population (Crow and Kimura, 1970 Nei (1975) . The variances of the F indices were obtained by the method of Brown (1970) .
When self-fertilization is the sole factor affecting level of inbreeding an expected equilibrium coefficient can be calculated: F e = (1-t m )/(1 + t m ), where t m is the multilocus outcrossing rate (Allard et al, 1968) . A substantial difference between F and F e indicates that inbreeding other than through selfing occurs in the population (Shaw and Allard, 1982b (table IV) .
Comparison of single-locus and multilocus population estimates allows inference about the amount of inbreeding other than through selfing in populations (Shaw and Allard, 1982a (Giertych, 1971) . Thus the single-locus estimates of a seed orchard reflect selfing only, without any other form of inbreeding (Barrett et al, 1987 Koski and Muona (1986) (table IV) , confirming low variation of outcrossing among clones.
It is interesting that the averages of individual tree outcrossing rates are very often greater than the multilocus estimates for a population (Neale and Adams, 1985; Ritland and El-Kassaby, 1985; El-Kassaby et al, 1987 ; and the present study), which is usually due to the influence of some trees with an outcrossing rate estimate exceeding unity. For multilocus estimates values of outcrossing greater than one are possible if the proportion of detectable outcrosses in the progeny sample is greater than that expected on the basis of detection probability for an individual tree (Neale and Adams, 1985 (Brown et al, 1984) , especially when t is near 1 and sample sizes are small (Adams and Birkes, 1991) . The negative assortative mating occurs when individuals of particular genotypes mate with each other less frequently than expected under panmixis, and it could be an effect of phenological differences in male and female flowering within and among trees (Sarvas, 1962 (Ritland and ElKassaby, 1985) and could often differ from the population outcrossing average, which is identical for males and females (Ross and Gregorius, 1983 (Muona and Harju, 1989) . The effective population size of zygotes derived from seed orchards is probably most affected by asynchronous phenology and asymmetrical male and female fertility (Cheliak, 1984; Müller-Starck, 1984 (Barrett et al, 1987) .
The high out-crossing rate, homogeneity of the pollen pool, and relatively great number of males and females effectively contributing gametes to the next generation are positive characteristics of the analyzed population, but the observed patterns of non-random mating are not. Background pollination from pollen parents outside of the orchard was not investigated in this orchard and it may increase the rate of outcrossing of a seed orchard. The presented results and some other studies (Rudin et al, 1986; Muona and Harju, 1989) 
